Magnetic Resonance imaging (MR imaging) as a powerful non-invasive modality is of high global interest for early cancer detection. The aim of this study was the synthesis of nanodendrimer and its conjugate with monoclonal antibody C595 against breast cancer cell, followed by its chelating with gadolinium for its magnetic property. First, anti-MUC-1 monoclonal antibody C595 was coupled to a biodegradable biocompatible Anionic Linear Globular Dendrimer G 2 (having polyethylene glycol core and citric acid shell). Then prepared nanocomplex loaded by gadolinium to make novel agent of functional MR imaging. Anticancer effects and MR imaging parameters of the prepared nanoconjugate was investigated under in vitro conditions doing performing several studies such as evaluation of monoclonal antibody C595 binding to mucine-1 (MUC-1) cell, its purification, size of nanoconjugate and relaxivity measurements. The obtained data showed a powerful relaxations as well as selective MUC-1 antigen binding to the cell. Based on the findings from the present research Gd 3+ -ALGDG 2 -C595 nano-probe may be a potential breast molecular imaging and therapeutic agent. However, further investigations by in vivo studies and clinical trials are in the pipeline.
Introduction
Selective imaging is essentially an important means of targeting cancer. Better outcomes obtained by site-specific delivering of contrast agents to tumors. The fact highly depends on specific carrier for the cancer cells that can be recognized by attractive agents such as antibodies or ligands. In MR imaging of cancer, contrast agent size plays an important role in the efficacy and success of the biomedical imaging. Microsize has many obvious disadvantages comparing to nanosize in MR biomedical imaging, because of the size of cellular or subcellular units [1] [2] [3] [4] . Conventional microsize cancer drug delivery suffers from some insufficiencies of delivery such as, inappropriate targeting, toxicological effects or impaired transport to the cancerous site [5] [6] [7] [8] . Moreover, microsized cell entering carriers cannot traverse in a passive action through cells or pores including tumoric cells with pore sizes up to 380 -780 nm. In conclusion, the best system for tumor MR applications would be a targeted nano-carrier complex [7, [9] [10] [11] . Delivering intact drugs using polymeric carriers is of global interest, dendrimers (nanosized polymers) have been explored for the target specific delivering of hydrophobic pharmaceuticals, including anticancer drugs, and MR contrast agents. The chemico-physical characteristics of dendrimers, including their monodispersity, water solubility, drug loading ability, and large number of functionalizable peripheral groups, make these macromolecules appropriate candidates for evaluation as carrier for MR tumor imaging agents or therapeutics. This is often possible by means of safe nanocarriers such as anionic linear globular dendrimers [10] [11] [12] . Yet, not all of the dendrimers are suitable in MR biomedical imaging; biocompatible properties like lipophilicity (logP), biodegradability, noncytotoxicity, non immunogenicity characteristics must be checked for dendrimers under in vitro conditions. One of the verified dendrimer, one generations of a highly water soluble ALGDG 2 (anionic linear globular dendrimer G 2 ), MW < 2000 Da, having poly ethylene glycol core and citric acid periphery surface, was selected for the synthesis and subsequent MR agent coupling. This dendrimer has shown a good capacity of drug loading in cancer therapy, previously [12] . Monoclonal antibodies are among the best selective target specific carrier of pharmaceuticals [13] . One of the targets at breast tumor is breast specific membrane antigen (MUC-1). MUC-1 is a high mo-lecular weight transmembrane glycoprotein antigen [14] . Thus, tumor-associated MUC-1 is a promising molecular target for a novel imaging or therapy for breast cancer patients.
C595 is an IgG 3 , a monoclonal antibody (Mab) against human MUC-1 [12] . Several studies have shown that Mab C595 is a useful antibody in combination with other therapeutic methods to improve the therapy of the breast cancer [8] .
MR imaging is a precise more sensitive and noninvasive diagnostic way based on the differences between relaxation rates of water protons and provides important graphical images. Current MR imaging contrast agents such as gadolinium (Gd 3+) -diethylenetriaminepentaacetic acid (DTPA)-dimeglumine (Magnevist ® ) improve tissue discrimination in the MRI images but not as well as nuclear radiopharmaceuticals which act specifically [12, 15] . Then, considering the MR imaging method safer than nuclear radiopharmaceutical, improving its efficacy by targeting technology could have more clinical benefits and made it superior than nuclear radiopharmacy.
This study is the first to describe synthesis and in vitro evaluations of a novel nanoconjugate contains ALGDG 2 loaded Gd 3+ and Mab C595 as a selective breast molecular imaging and therapeutic agent. In fact, conjugation of dendrimer (anionic linear globular) to C595 and Gd 3+ loading makes a novel nanobody with dual potential imaging and therapeutic effects on cancerous cells.
Materials and Methods
All chemical compounds and materials required for this study were provided by Sigma (USA) and used without any further purification. Cells were purchased from the Pasteur Institute of Iran. The experimental work was done in Shahid Beheshti University of Medical Sciences as well as an MR Imaging Center of Imam Khomeini Hospital, Tehran University of Medical Sciences during 2011-2012.
Preparation of the Gd
3+ -ALGDG 2 -C595 Nano-Conjugate ALGDG 2 was synthesized as follows: PEG-600 was chosen as the core and reacted with citric acid in the presence of excess amounts of thionyl chloride or dimethylaminopropyl carbodiimide (EDC) and the dialysis bag (cut off 2000 Da, Spectrum ® , USA) was used for the purification. To synthesize the C595-dendrimer conjugate, 75 µmole ALGDG 2 was reacted with 0.01 mmole EDC and 0.05 mmole Sulfo-NHS in 2 ml PBS or DDW for at least 5 minutes at pH of 5.5 -6 and the reaction allowed to reach to room temperature. Thereafter, activated dendrimer was added drop wise to the solution containing 1 µmole C595 in 2 ml DDW medium in the presence of 1mmole tri-ethyl-amine and the pH was adjusted to 7.5 -8 and the reaction allowed continuing for 12 hrs at room temperature. To purify the conjugate the reaction mixture was dialyzed with cut off of 10 KDa (Sigma, USA). To further purification the dialyzed solution was eluted through a Sephadex G-25 Fine ® (Pharmacia-Fine Chemicals, Sweden) and the tubes containing the nano-conjugate were elected for the next step (e.g., lyophilization, Gd 3+ loading). All steps were monitored by TLC (Thin Layer Chromatography) technique. Finally, 15 mmole GdCl 3 was added to 1 µmole of nano-conjugate at room temperature and the reaction mixture was allowed to stir for at least 2 hrs at pH of 7 -7.5. Afterward, to remove excess free Gd 3+ ions the reaction pH was increased to 9 and free Gd 3+ ions was precipitated and filtered. To increase the purity, the reaction mixture was dialyzed (Figures 1 and 2) .
To purify dendrimer-antibody conjugate sephadex-G 25 fine ® (gel filtration chromatography) was used. Each external ml of eluent buffer of reaction mixture was collected separately in a numbered tube and its UV-OD at 280 nm was monitored to find antibody-dendrimer conjugate as well as non conjugated antibody. To find dendrimer conjugated C595 antibody ITLC (Iodine Thin Layer Chromatography) was performed.
High Pressure Liquid Chromatography (HPLC) was performed at small sample amounts using either 10 mm × 250 mm pre-packed column at room temperature.
Gd 3+ -FT-IR Spectroscopy
To investigate whether or not the changes occurred after Gd 3+ loading FT-IR spectroscopy was employed by performance on nano-conjugate before and after Gd 3+ loading.
Total Protein Measurement
The assay performed in microplates based on micro Lowry [16] [17] [18] that has been adapted to microplates. The reagents were provided from (Catalogue No. 690-A: Sigma Chemical, St. Louis MO).
A standard curve was prepared as follow: Bvine serum albumin (BSA) powder was dissolved in distilled water and diluted to a concentration of 1 μg/μl. A series of dilutions (5, 10, 20, 40, 60, 80, and 100 μg/well) were prepared and used in tetraplicate/100 μl. Different concentarions of protein were prepared (0 -100 μg/100 μl) and a standard curve was obtained. The same procedure was performed for Gd 3+ loaded nano-conjugate and C595 alone and based on the comparisons and standard curve diagram and equation unknown sample was determined. system. Beckman Multisizer Coulter equipped with a 1 nm or 100 nm apertures has been performed to depict the particle size and zeta potential distribution. The conjugates were also characterized by Transmission Electron Microscopy (JOEL 1230; accelerating voltage, 100 kV). For TEM of samples, one drop of Gd 3+ -ALGDG 2 -C595 aqueous suspension was dispersed on copper grid and the excess volume was removed. The samples were used after drying at room temperature.
Relaxivity Measurement
The logarithmic water proton relaxivity ratio at different lamor frequencies (MHz) was determined by using a Spinmaster spectrometer (Stelar, Mede, Italy) set at 0.5 T; the inversion recovery method was used (number of experiments 16 and 4 scans). 90˚-pulse width was set 3.5 milliseconds (ms), and the reproducibility error of the T 1 data was ±0.75%. The temperature was monitored by an air-flow heater equipped with a copper-constantan thermocouple. The proton 1/T 1 NMRD profiles were measured on a Koenig-Brown field-cycling relaxometer over a continuum of magnetic field strengths from 0.00024 to 1.2 T. More explorations about data calculation procedure was reported previously [19] .
Stability
The relaxation measurements were performed as same as the relaxivity studies but in the presence of 20% solution of EDTA (as Gd 3+ chelator) for at least 24 hrs according to the protocol described previously [20] .
Statistical Analysis
All the experiments were conducted in triplicate (n = 3) and were compared using one-way ANOVA for mean comparison of more than two samples and post-hoc experiments (multiple comparisons) with Dunnett test with SPSS-16 software. The results were reported as significant for P < 0.05 or highly significant for P < 0.01.
Results

Purification Assay
As shown in Figure 3 (a) tube numbers 13 -16 contained ALGDG 2 -C595 and this confirmed by TLC. Its retention factor (Rf) was completely differed from dendrimer alone and C595 or other reaction reagents. Further identifications performed by RP-HPLC, the data shown a retention time of 7, 12 and 13 min for dendrimer, C595 and dendrimer-C595 conjugate, respectively. As can be seen from Figure 3(b) , the purity of the compounds was obtained more than 95% according to AUC, area under the curve of each peak.
FT-IR Spectroscopy
Clear changes in FTIR peaks before and after Gd 3+ loading was occurred and this indicates the essential interaction of Gd 3+ ions and dendrimer-C595 conjugate (Figure  4) .
Protein Assay
Each 100 µg nanoconjugate contained 84.3 ± 4 µg protein regarded to Mab C595 while each 100 µg intact Mab C595 contained >98 µg protein (Figure 5 ).
Gd 3+ Loading and Size SEM/TEM Results
Inductively Coupled Plasma Mass data showed 11.01 ± 4% (n = 3) Gd 3+ in each 100 µg nanoconjugate. Size distribution showed that dendrimer alone has an average size of 25 nm and after conjugation and Gd 3+ loading the average aggregation size reached to 61 nm (Figure 6 ).
The apparent views of nanoparticles were also shown in SEM and TEM images. The cryo TEM of Gd 3+ -dendrimer-C595 showed high average more than 2 nm (Figures 7(a)-(d) ).
Relaxivity Studies
The relaxivity data were illustrated in Figure 8 . As it can be found Gd 3+ loaded nanoconjugate showed a concentration intendancy. Increases in concentration of nonoconjugate caused increases in the paramagnetic potential of the nano-probe and leads to its application as a MR imaging probe.
Discussion
The present study showed a successful strategy in generating a powerful nanobiomolecular probe considering the biocompatibility and appropriate Gd 3+ loading capability to find and treat breast cancer with enough relaxivity. The first claim for the study is to synthesis the ALGDG 2 and to conjugate with Mab C595 (anti-MUC1 breast and bladder cancer receptor) in a manner of not producing any instability/inconsistency in the antibody pharma- cokinetics and dynamics (Figure 3(b) ). While the first claim was strictly found right, the second claim was to investigate the capability of bionanocontrast agent to produce enough relaxivity ( 1 H-NMRD) and specific binding to MUC-1 receptor expressing cells as well as anti-breast cancer cell activity in vitro. Finally, Gd 3+ loaded nanoconjugate were found quite successful in the all biological experiments performed (Figures 4  and 8) .
The advantageous of ALGDG 2 to PAMAM (Polyamidoamine) dendrimer is describing as follows; first, PAMAM needs to be re-functionalized with a Gd 3+ chelator such diethylenetriaminepentaacetic acid (DTPA) in a very difficult manner and second, PAMAM did not show enough water solubility as well as safety. Third advantage for the ALGDG 2 is regarding to its PEG core which makes it mostly attractive to cancerous cells as well as anticancer effects in a good agreement with findings of the other works [18, 19, 21, 22] . The next interesting capability of ALGDG 2 is regarding to its citric acid shell which raise potent Gd 3+ complex formation as well as Gd 3+ loading. The negative charge of dendrimer G 2 protect nanoprobe from any surface-surface toxic interactions between the normal cell body and the conjugate. DTPA is as an extrcellular MR imaging contrast agent due to its reduced uptake by cells and this is a disadvantage of the compound [15] . To increase the cellular uptakes, in particular, in cancer cell a well recognized dendrimer conjugation was applied here.
One of the main characteristics of biomolecular conjugation is regarding to not producing any biological activity complications. The complications occur while one or both biomolecule's active site (covering kinetic or dynamic active site) suffers an inactivation and this is sometimes rationally and this is in agreement with other reported results [17] [18] [19] [21] [22] [23] .
As a result and based on the obtained in vitro observations, Mab C595 serves its activity after dendrimer conjugation and this fact leads to next nano-conjugate in vivo success. In confirmation, there are some reports on the anticancer activity of unbound C595 which suggests anticancer effects for C595 [19, 21, 22] .
Low doses of the conjugate showed a less paramagnetic activity but, it is interesting that by increasing the concentrations of nonoconjugate, the relaxation time is also increased and leads to using of this nonoprobe as an MR imaging contrast agents.
Conclusion
Based on the confirmations from the present research Gd 3+ -ALGDG 2 -C595 nano-probe which synthsised and examined for the first time in this study, may be a potential dual selective breast molecular imaging and seems to be a functional nano-probe in the near future and this needs to be further investigated by in vivo experiments and clinical trials.
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